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We assessed below-ground net primary productivity (BNPP) in the wet submontane Cirsium meadow occurred in the highland region of the Czech Republic. Effect of four different fertilization levels on BNPP was estimated in 1992. At the beginning of the growing season (April 29), total dry mass of rhizomes, roots and total below-ground plant parts of unfertilized stand reached 177, 1478 and 1657 g.m -2 , respectively. Their living parts formed 42 % of their total dry mass. In comparison with unfertilized stands, however, the greatest accumulation of dry mass of rhizomes (504 g.m ) and total below-ground dry mass (351 g.m -2 .yr -1
Introduction
Root mass and rhizosphere represent the main pool of organic matter and geobioelements of grassland ecosystems. Concretely 60 to 90 % of net primary production (below-ground plant parts) and 90 % of secondary production (microorganisms and soil animals) was found in soil of grassland ecosystems (see Stanton 1988) . Likewise Hui and Jackson (2005) estimated broader range of root primary production (40 to 87 % of total production) in grassland ecosystems occurring at the large geographical and temperate scales. Decomposing dead roots enrich soil by organic matter and influence substantially soil quality. These processes are particularly important and are considered as one of main feature of grasslands (Rychnovská 1983) . It is also important to understand how habitat quality affects soil carbon (C) pools/fluxes, particularly, as these ecosystems store up to 30 % of the world below-ground C (see Risch et al. 2007) .
Summaries of the observations of various authors (e.g. Velich 1986 , Gáborčík, Kohoutek 1999 , Fiala 2010 shows that increasing intensity of fertilization (above all nitrogen) decrease root relative to shoot growth. Nevertheless these summarized data also showed on contradictory results concerning root biomass production affected by fertilization. Cutting and grazing increased mortality of roots which resulted in decomposition and decrease of the amount of dry mass of roots (e.g. Tesařová 1993 , Fiala 1997 , Risch et al. 2007 .
The main aim of our study was to estimate the effect of various managements (fertilization, cutting) on accumulation of the total belowground dry matter (TBDM) in different part of the growing season and calculate BNPP in the first year of the experiment. We hypothesized that:
(1) The effect of fertilization will be manifested in a greater accumulation of TBDM, above all living below-ground organs, because applied fertilization can increase decomposition of dead plant parts. However the highest accumulation of TBDM will be not connected with the highest intensity of fertilization.
(2) We will find a positive effect of fertilization on BNPP, but we will estimate a lower BNPP at the highest (the fourth) level of fertilization.
Material and methods study site
Amounts of total below-ground dry mass (TBDM) were estimated for the meadow stand in the Žďárské vrchy landscape reserve in the Moravian-Bohemian Highland. This area is, from the phytogeographic point of view, a part of Hercynicum (region build of granite and crystalic rocks with Ca-deficient soil). Experimental stands were located near the village of Kameničky (49°43´N, 15°58´E, altitude 530 m a.s.l.). The mean annual temperature and sum of precipitation (for the period in the region was 7 °C and 762 mm (Kameničky, Svratouch). Haplic Stagnosol Dystric soil occurred (see IUSS Working Group WRB 2006) and soil nutrient content was lower. More detailed description of the area, plant community and its habitats are given by Balátová-Tuláčková et al. (1977) and Hrabě et al. (2002) .
The comparison of the amount of actual precipitation and air temperature for the long-term average values , recorded for the region of the Moravian-Bohemian Highland, indicates that growing season 1992 was drier and warmer according to data published by the Czech Hydrometeorological Institute (Fig. 1) . In 1992, sum of the precipitation was about 13 % below the long-term averages and air temperature was higher by 0.9 °C in the average. Studied grassland was also influenced by a higher underground water Hrabě et al. 2002) . Five replications of each treatment were in Latin square design. In the same stands (N0, N0-PK, N90-PK and N180-PK) the long-term average of above-ground biomass reached 443, 607, 728 and 860 g.m -2 , respectively (Hrabě et al. 2002) .
Below-ground plant parts analyses
To make quantitative determination of the initial values of the below-ground plant matter (recorded on April 29, before start of fertilization experiment) soil cores (5 cm in diameter, 12 cm depth, n = 20) were collected. Subsequently, the soil cores were taken before the first cutting (June 28) and in autumn (November 4). Three additional soil cores (2 cm in diameter) were taken in order to estimate the amount of living and dead roots. Collected samples were washed in nylon bags and on sieves of 0.5 mm mesh size, and dried at 70-80 °C to the constant mass. The method developed by Ward et al. (1978) and modified by Tesařová et al. (1982) was used to determine living and dead root biomass. For this purpose, the Congo-red staining technique was applied. After washing of larger soil cores, all samples were visually separated into total roots, living and dead rhizomes and underground shoot bases according to their colour and mechanical consistency. These figures are referred to as rhizome values. Data on dry mass of living and dead roots and rhizomes were then use to estimate both the percentage proportion and the amount of living and dead roots and rhizomes per m 2 . The summing of positive increases in below-ground dry mass were calculated (BNPP), i.e. maximum value minus minimum value recorded in the growing season.
statistical analysis
Obtained data were evaluated by means of the multifactorial analysis of variance, using the statistical package STATISTICA 7.0. A t-test was performed to compare mean differences between unfertilized and fertilized treatments. Two-way ANOVA analysis was used to test the effect of time period and fertilization as independent variables on the below-ground biomass parameters as dependent variables. F-value and resulting P level were determined. Transformation of the data was not necessary.
Results and discussion

Below-ground plant dry mass
The ANOVA analysis has shown that nearly all living fractions (living rhizome, roots and total living below-ground dry mass) were not significantly affected by period of the year and intensity of fertilization of the studied grassland (Tab. 1). However, amount of dead roots and total below-ground dry mass were affected significantly by period, fertilization and interactions of period and fertilization. Total dry mass of rhizomes, roots and total below-ground plant parts of unfertilized stand represented 177, 1478 and 1657 g.m -2 , respectively, at the beginning of the growing season (April 29). Their living parts formed 41.8, 41.6 and 41.6 % of their total dry mass, respectively (Tab. 2). In June, proportion of living parts was rather variable, however increasing fertilization resulted in the lower values of living and dead below-ground ratios (Fig. 2) .
Results obtained from previous observations in different types of grasslands (see Fiala 1997 Fiala , 2010 ) fall into a lower part of mentioned range of values. Nevertheless, these data confirmed our first assumption that studied wet unfertilized submontane Cirsium meadow can reached relatively high amount of TBDM. TBDM can usually increase with strongly increasing moisture and dryness of the sites. Therefore TBDM can be higher under conditions with reduced rate of decomposition processes and resulted in an increase of amount of undecomposed dead plant matter (Fiala 2010) .
The highest amount of living roots was recorded around the middle of the soil moisture gradient (Fiala 1990) . In the present study, the percentage of living roots (41.6 to 58.5 %) in total root dry mass of unfertilized studied meadow
Fig. 1: Differences in the amount of precipitation (lines) and air temperature (black circles) from the long-term average values (1961-1990) recorded from studied region in 1992 (according to data published by the Czech Hydrometeorological Institute).
Time [month]
Air temparature-differences [°C] Precipitation-differences [mm] stands fall also in the central part of meadow moisture gradient occurring in studied region (60 to 90 %). These data were in accordance with previously analyzed root samples from the region of the Moravian-Bohemian Highland (Fiala 1990 (Fiala , 1997 . These findings were also supported by our lower root values gathered previously in warmer and drier region of the southern Moravia (e.g. Pilát 1969 , Jakrlová 1971 , Fiala 2001 , Fiala et al. 2004 .
Mowing usually resulted in a decrease of root biomass; however, the response of belowground plant biomass does not follow the same tendency in all communities (see summary published by Fiala 1997). He has found that plant communities occurring in studied region and rich in plant species and mostly with high amount of living below-ground biomass were more resistant to mowing. The studied meadow belongs to the same type of plant communities.
Below-ground production
Obtained values of dry mass of below-ground plant parts of studied meadow stand, recorded during the growing season, enable us to estimate below-ground net primary productivity (BNPP). , calculated on the base of total or living below-ground dry mass, respectively (Tab. 3). Calculated data on turn-over rate of below-ground dry mass of studied meadow, estimated as the ratio of BNPP (assessed from increments of living biomass) related to the recorded maximum of below-ground dry mass, varied from 0.14 to 0.22 (about 14-22 % of TBDM was renovated annually). The fastest turn-over rate was found in stands where the third intensity of fertilization (N90-PK) was introduced (Tab. 3).
Most authors reported that estimates of the BNPP from the dynamic of root pattern can result in erroneous estimates (e.g. Sing et al. 1984 , Vogt et al. 1986 , Lauenroth et al. 2006 , Milchunas 2009 The second period of the root growth (June 28 to November 4) may be influenced by an increase of root mortality due to the effect of mowing and dry summer months (Hayes, Seastedt 1987 , Pielota, Smucker 1995 , Frank 2007 , Wedderburn et al. 2010 , Fiala et al. 2012 . As temperature decrease and precipitation increase, plants may allocate relatively more below-ground (Gill et al. 2002 , Ni 2004 , Yahdjian, Sala 2006 , Fiala et al. 2012 ).
Data on turn-over rate values recorded over the whole world were reviewed by Gill and Jackson (2000) . They reported that mean annual turn-over rate for roots of grasses was 55 % and concluded that there is a strong positive exponential relationship between root turn-over rate in grasslands and the mean annual temperature. Thus recorded relatively large amount of dead below-ground dry mass and soil detritus can be associated with wet soil conditions of the Cirsium community growing in cooler highland and resulting in slower root turnover in the present study.
The fastest growth of below-ground plant parts can occur in different parts of growing season reflecting the annual cycle of vegetative activity (Titlyanova et al. 1999) . Our findings confirmed results of several authors that seasonal periodicity and higher percentage of active roots were usually characterized by two peaks. One peak was at the beginning or in the middle of summer (after flowering) and the second, lowest, in autumn (e.g. Speidel 1976 , Cheng et al. 1990 , Pandey, Singh 1992 , Titlyanova et al. 1997 , Fiala 2010 . On the other side, mid-growing season drought can result in accelerated death and decomposition of new roots (Gross et al. 1993) . The reduction of root growth due to lower precipitation has been published (e.g. Hayes, Seastedt 1987 , Hui, Jackson 2005 , Fiala et al. 2012 ). However, the increased root accumulation in summer may be a function of changes in the length of the growing season, not of soil temperature (Fitter et al. 1998) .
effect of fertilization
In the summer (June 28), the fertilization mostly resulted in an increase of the total dry mass of below-ground plant parts at the third (N90-PK) and fourth (N180-PK) levels of fertilization particularly (Tab. 2). Increasing dry mass of below-ground parts was significantly most pronounced in stands loaded with the N90-PK fertilization in comparison with N0-PK treatment. Stands fertilized with 90 kg of N per ha reached the largest amount of dry mass of total rhizome, roots and total below-ground dry mass, i.e. 504, 1503 and 2008 g.m -2 , respectively. However, data were rather variable. Although differences between data recorded in unfertilized and fertilized stands were not significant, trends of obtained numbers indicated that higher doses of fertilization were associated with increasing below-ground plant biomass. Data recorded in autumn (November 4) were more variable and mostly not significant.
Fertilization resulted in the greatest variability in the amount of soil detritus, i.e. decrease from 232 to 98 g.m -2 in unfertilized and the first level of fertilization (N0-PK) at the end of the growing season (Tab. 2). Increased intensity of fertilization and the effect of nitrogen doses particularly, generally resulted in the growth of above-ground plant parts rather than roots. Nevertheless overview of literature data summarized by several authors (e.g. Gáborčík, Kohoutek 1999 , Fiala 2010 indicate that contradictory data on amount of root dry mass due to fertilization were often presented. Our obtained results confirmed our second assumption that fertilization supports production of below-ground plant parts. However, the marked increases in below-ground plant matter were still not recorded in meadows where the highest doses of fertilizers were applied. Nevertheless these findings of present authors are also supported by data of several authors (e.g. Lorenz 1977 , Steen 1984 , Gáborčík 1985 , Li, Redman 1992 who reported, that TBDM decreased at the highest nitrogen level. In addition, similar findings arise from data of TBDM recorded by Hrabě et al. (2002) 
